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Introduction 


Inhalation  of  smoke  and  combustion  products  from  fire-related  aaccidents  associated  with 
military  activities  as  weU  as  amongst  general  public  results  in  acute  lung  injury  associated  with 
excessive  secretion  of  mucus  in  the  tracheobronchial  and  parenchymal  regions  of  the  lung,  the 
injury  that  has  been  suggested  to  be  one  of  the  major  contributing  factors  in  the  morbidity  and 
mortality  of  patients  (1-6).  Transient  pulmonary  (both  laryngeal  and  tracheobronchial)  edema  is 
one  of  the  pathophysiological  events  of  this  injury,  together  with  blockage  of  bronchial  tubes  by 
both  mucus  and  slough  segments  of  the  epithelium.  Changes  in  the  differentiation  of  ciliated  and 
nonciliated  tracheal  epithelial  cells  have  also  been  noted  in  smoke-related  injuries  and  basal  cells 
have  been  implicated  in  the  repair  process  (7-9).  However,  the  mechanism  involved  in  the 
differentiation  of  tracheal  epitheilid  cells  as  well  as  excessive  secretion  of  mucus  and  the  factors 
involving  these  processes  after  injuries  have  not  been  thoroughly  examined.  This  project  is 
directed  towards  determining  the  effect  of  smoke  inhalation  and  combustion  products  -  singly  and 
in  combination  -  on  the  synthesis  and  secretion  of  mucins  (components  of  mucus)  and  finding  the 
role  of  retinoids  (vitamin  A),  antisense  mucin  oligomer  and  other  respiratory  drugs  in  preventing 
excessive  secretion  of  mucus  as  well  as  repair  of  injury  to  tracheal-bronchial  epithelium.  The 
ultimate  goal  is  to  prevent  disease  recurrence  and  control  the  amount  of  secretion  caused  by  the 
offending  exposure. 

For  several  years,  we  at  DCI,  WBAMC,  have  been  engaged  in  studying  the  effect  of  retinoids, 
different  pharmacologic  agents  and  antisense  mucin  oligomers  on  the  mucin  gene  expression  and 
secretion  of  mucins  in  organ  as  well  as  in  isolated  tracheal  epithelial  cells  cultured  in  a  serum-free 
and  hormone-supplemented  medium.  To  date,  we  have  found  that  retinoids  are  required  for 
normal  function  of  tracheal  epithelial  cells  when  grown  in  a  serum-free  and  hormone- 
supplemented  medium.  Without  retinoic  acid,  the  cells  neither  expressed  mucin  message  nor 
maintained  normal  cytological  appearance  (10-13).  When  retinoids  were  added  back  to  the  culture 
medium,  the  cells  grew  normally  and  the  mucin  message  was  expressed  again.  Addition  of  a  20- 
mer  antisense  mucin  oligomer  blocked  the  expression  of  mucin  message  as  well  as  mucin 
secretion  while  keeping  the  cell  profile  normal  (12).  It  was  also  found  that  of  all  the 
pharmalogicals  used,  only  steroid,  prednisolone,  had  a  marked  inhibitory  effect  on  the  mucin 
message  (11).  Squamous  differentiation  of  epithelial  cells  which  occurred  in  the  absence  of 
retinoids  in  the  culture  medium  was  reversed  by  supplementing  the  medium  with  retinoic  acid. 
Thus,  the  combined  therapy  of  retinoids  and  antisense  mucin  oligomers  has  the  potential  in  clinical 
application  of  repairing  injury  and  inhibiting  mucin  oversecretion  in  tracheobronchial  epithelium 
of  people,  including  combat  soldiers,  exposed  to  toxic  substances  like  smoke.  The  examination  of 
the  effect  of  smoke  exposure  on  the  tracheal  epithelium  has  begun  in  our  laboratory  and  the 
progress  of  those  experiments  is  dicussed  below  (body). 
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Body 


a.  Effect  of  retinoids 

In  preliminary  experiments  prior  to  smoke  exposure,  we  cultured  isolated  rabbit  tracheal 
epithelial  cells  in  a  serum-free  and  hormone-supplemented  medium  (10)  with  and  without  retinoic 
acid  to  determine  the  extent  of  control  of  mucin  gene  expression  and  secretion  by  these  agents. 
The  cells  showed  time-dependent  mucin  gene  expression  when  cultured  in  the  medium  with 


retinoic  acid.  Without  retinoic  acid,  however,  the  cells  did  not  express  mucin  gene  and  this 
inhibition  was  associated  with  squamous  differentiation  of  the  cells  as  observed  by  electron- 
microscopy.  The  retinoid-induced  mucin  gene  expression  and  secretion  was  inhibited  by  a  20-mer 
mucin  antisense  oligomer  and  the  cells  reverted  back  to  the  normal  condition.  This  initial 
observation  led  us  to  the  conclusion  that  combined  retinoids  and  antisense  treatment  may  offer  an 
alternate  approach  in  the  management  of  mucus  hypersecretion  as  well  as  maintenance  of  normal 
tracheal  epithelium  exposed  to  offending  exposure  like  smoke.  These  results  will  appear  in  the 
journal  INFLAMMATION  in  august,  1995  (reference  13,  press  copy  enclosed). 

We  have  observed  similar,  if  not  identical,  phenomena  using  rat  tracheal  explants  in  cculture 

(11,12). 

b.  Smoke  exposure 

After  assembling  the  smoke  exposure  system,  we  have  been  able  to  get  interesting  results 
which  are  described  below. 

Whole  rabbit  trachea  was  opened  up  in  the  middle  and  suspended  in  minimum  essential 
medium  (MEM)  and  exposed  to  whole  smoke  by  burning  pine  wood  (40  g)  in  a  combustion 
chamber  with  bellows  blowing  the  smoke  to  the  exposure  system.  After  exposure  for  different 
periods  of  time  (5-30  minutes),  the  trachea  was  cut  into  rings  and  placed  in  a  serum-free  and 
hormone- supplemented  medium  (10-13)  with  and  without  retinoic  acid  and  the  incubation 
continued  for  several  hours.  The  exposure  time  of  smoke  was  limited  to  20  minutes,  because 
exposure  longer  than  this  period  resulted  in  severe  loss  of  the  cells  as  well  as  acute  damage  to  the 
epithelium  which  could  not  recovered  by  culture  condition  employed  in  this  study. 

Morphological  studies  by  electron  microscopy  of  the  trachea  before  and  after  exposure  to 
smoke  (20  minutes)  indicated  inflammation  in  the  exposed  trachea  with  numerous  mucus 
secretory  granules  (Figure  IB)  which  were  barely  present  in  the  normal  cells  (Figure  1  A).  After 
culture  of  the  explants  for  96  hours,  the  morphology  of  the  cells  showed  normal  features  in 
presence  of  retinoids  (Figure  1C).  The  cells  which  were  cultured  without  retinoic  acid  showed 
signs  of  deprivation  associated  with  retardation  of  growth  (Figure  ID).  This  change  in  cell 
morphology  was  associated  with  change  in  mucin  gene  expression  as  measured  by  hybridizational 
analysis  using  an  antisense  mucin  probe.  After  exposure  to  smoke ,  the  mucin  gene  expression 
was  increased  several  fold.  After  incubation  for  96  hours  in  culture  medium  with  retinoic  acid,  the 
cells  showed  reduced  mucin  gene  expression.  Without  retinoic  acid  in  the  culture  medium,  there 
was  hardly  any  mucin  message.  Addition  of  mucin  antisense  oligomer  to  the  culture  exposed  to 
smoke  also  resulted  in  the  reduction  of  mucin  message.  The  results  suggest  that  retinoids  have  a 
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strong  influence  in  maintaining  healthy  tracheal  epuithelium  even  after  exposure  to  smoke. 

Conclusions 

In  conclusion,  rabbit  tracheal  explant,  after  exposure  to  smoke,  showed  inflammation  in  the 
epithelium  with  changes  in  the  ultrastructure  as  well  as  in  the  strong  expression  of  mucin  gene. 
Both  retinoic  acid  and  an  antisense  mucin  oligomer  were  found  to  inhibit  mucin  gene,  at  the  same 
time  keeping  the  tracheal  epithelium  normal.  Thus,  combined  therapy  of  retinoids  and  antisense 
oligomer  may  have  some  clinical  implication  in  repairing  injury  as  well  as  inhibition  of  mucus 
hypersecretion  in  tracheo-bronchial  epithelium  of  people,  like  combat  soldiers  as  well  as  general 
public,  exposed  to  toxic  substances  like  smoke. 

The  followings  are  the  future  plans  which  will  be  pursued  to  understand  the  mechanism 
involved  in  the  control  of  mucus  hypersecretion  as  well  as  repairing  injury  in  the  trachea  exposed 
to  smoke,  (a)  Study  time-  and  dose-dependent  mucin  mRNA  expression  and  secretion  in  rabbit 
tracheal  explants  and  isolated  cells  exposed  to  smoke  and  smoke-related  particles  from  burning 
pine  wood  and  cotton  and  the  effect  of  retinoids  and  antisense  oligimer  on  this  system.  Changes  in 
the  morphology  will  be  studied  by  ultramicroscopy.  The  use  of  isolated  cell  culture  will  enable  us 
to  determine  more  accurately  the  involvement  of  these  cells  in  the  repair  process,  (b)  Study  and 
compare  the  effect  of  antisense  therapy  versus  other  pharmacologic  agents,  such  as  steroids,  on 
mucin  mRNA  level  and  secretion  as  well  as  cell  differentiation  and  proliferation  of  the  tracheal 
culture  exposed  to  smoke  as  stated  above.  Also,  examine  the  stability  of  mucin  message,  (c)  If 
possible,  produce  an  immortal  mucin  producing  tracheal  cell  line  by  infecting  with  different 
nonpathogenic  viruses.  Examine  the  effect  of  long-term  exposure  of  smoke  on  these  cells  and  the 
process  of  recovery  of  injury  and  inhibition  of  oversecretion  by  retinoids  and  antisense  oligomers. 
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Figure  1.  Ultrastructure  of  rabbit  tracheal  explant  before  and  after  exposure 

to  smoke  and  the  effect  of  retinoids  on  this  system,  A.  Normal  rabbit 
trachea.  B.  Tracheal  explant  after  exposure  to  smoke  from  pine  wood 
for  20  minutes.  C.  +retinoic  acid,  96  hours  of  culture.  D.  -retinoic 
acid,  96  hours  of  culture.  MV:  microvilli;  SG:  secretory  granules; 

N,  nucleus. 
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Appendix 


A  major  preliminary  work  on  this  project  has  been  accepted  for  publication  in  the  journal 
INFLAMMATION  and  will  appear  in  august,  1995.  A  copy  of  the  paper  is  enclosed. 

Part  of  this  study  was  presented  to  the  annual  meeting  of  Society  of  Glycobiology  at 
University  of  Notre  Dame,  Notre  Dame ,  IN  46556,  November  9-12,  1994  and  published  in  the 
Journal,  Glycobiology,  Vol.4,  1994  .  A  copy  of  the  abstract  is  enclosed. 


10 


bifiammatiam,  VoL  19,  No,  4,  1995 


RETINOIC  ACID-REGULATED  CELLULAR 
DIFFERENTIATION  AND  MUCIN  GENE 
EXPRESSION  IN  ISOLATED  RABBIT 
TRACHEAL  EPITHELIAL  CELLS  IN  CULTURE* 
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/itenicr— Rabbit  oscheal  epithelial  cells  were  cultured  in  a  sennn-firee  and  hotmooe- 
suppienremed  with  and  without  retinoic  Kid.  The  cells  ume-depea- 

deot  mein  gene  cxpfessioo  when  cultured  in  the  mednim  with  retinoK  acid.  la  the 
absence  of  retinoic  acid,  however,  mocin  mRNA  was  barely  detectable  ia  the  cells. 
When  retinoic  acid  was  add^  back  to  the  mediuin.  the  mucin  message  was  ptomiaent 
again.  Aetinocaycin  D  and  cyclohcxiniide  did  not  inhibit  mucin  gene  expression  The 
message  was  sii^uly  elevated  by  cAMP  agonists.  A  mndn  anrisense  obgomer 
inhibiied  the  retinoic  acid-  induced  mucin  mRNA  expressioo  and  secretion,  tires  offer¬ 
ing  an  aheraatc  approach  in  the  management  of  mucus  hypersecretion  in  upper  airway 
tespiiatory  such  as  chronic  bronchitis,  asthma,  and  cystic  fibrosis. 


INTRODUCTION 


Bronchial  mucus  glycoproteins  (mucins)  are  localized  on  the  apical  surface  of 
the  mucus  membrane,  where  they  function  in  the  mucocUiator-escalator  systems 
that  protect  the  airways  from  microscopic  panicles  and  infections.  Excessive 
accumulation  of  mucus  is  one  of  the  major  contributors  to  airway  obstruction 
in  people  suffering  from  upper  airway  respiratory  diseases,  such  as  asthma, 
chronic  bronchitis,  and  cystic  fibrosis.  The  precise  roechanism(s)  involved  in 
the  accumulation  of  mucus  in  these  diseases  is  not  known,  but  all  evidence 
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of  Defense.  Presented  in  part  at  the  23nd  Annual  Meeting  (November  9-12.  1994)  of  tire  Society 
.  for  Glycobioiogy.  University  of  Notre  Dame, 
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pcMius  to  oveipioductioa  ntfaer  than  defective  clearance  by  the  mococtlaiy 
systems. 

It  has  been  repotted  (1-3)  that  tiadieal  epithelium  can  be  mamtained  in  a 

setuffi>CRe  and  bonnooe-sap|)kaaetHed  medium  containing  retinoids  (vitaniB  A) 

for  seveial  weeks;  cohnred  cefls  were  found  to  secrete  mucins  into  the  medium, 
as  measured  by  the  incorporation  of  ndiotabeied  sugars.  Previously,  we  observed 
(4)  that  rabbit  tracheal  epithelial  cells,  grown  in  a  serum-free  and  bonnone- 
supplemeoted  medium,  expressed  mucin  g<m  when  total  RNA  isolated  from 
the  cells  was  hybridized  with  a  30-mer  oligonucleotide  probe  derived  from  a  tat 
ifit^nriwa  peptide  tandem  repeat  sequence.  TTTPDVnTP,  RMUC  176  (5). 
However,  in  the  absence  of  retinoic  acid  in  the  culture  medium,  the  ceils  did 
not  grow  or  prodnce  mucin.  Recendy,  we  observed  (6,  7)  that  the  exptessioo 
of  mucin  mRNA  in  rat  tracheal  exidants  at  various  times  of  growth  in  a  sennn-  ^ 
free  and  hormooe-suppleiDented  medium  was  strongly  induced  by  retinoic  acid. 

In  the  absence  of  retinoic  acid,  the  mucin  noessage  in  h^jtacheal  organ  culture 
decreased  consideiabty.  Additioo  of  retinoic  acid  to  the  orient  medium  restored 
the  mucin  message  back  to  normal.  Addition  of  various  pharmacologic  agents 
also  had  some  marginal  effect  on  mucin  mRNA  expression  in  rat  tracheal  organ 
culture  grown  with  and  without  retinoic  acid.  However,  the  effect  of  these 
reagents  on  mucin  mRNA  exptessioo  in  an  isolated  tracheal  epithelial  cell  cul¬ 
ture  system  has  not  been  repotted. 

Recently,  there  has  been  intense  interest  in  developing  antisense  agents  for 
sequence-specific  inhibition  of  gene  expression  (7-10)  and  using  them  as  ther¬ 
apeutic  agents.  Thus,  viral  as  well  as  cancer  message  expression  has  been  suc¬ 
cessfully  inhibited  by  antisense  oligomers.  In  most  of  these  experiments,  the 
antisense  oligomer  has  been  chemically  modified,  and  the  most  frequent  use 
was  that  of  pbosphorothioate  derivative.  The  same  derivative  of  an  anti  sense 
oligomer  has  recently  been  used  in  the  treatment  of  acute  myeloblastic  leukemia 
(11). 

In  view  of  the  above  findings,  we  have  examined  the  control  as  weU  as 
stability  of  mucin  mRNA  expression  in  isolated  rabbit  tracheal  epithelial  cells 
in  culture  in  a  semm-frec  and  bormooe-supplemented  medium  with  and  without 
retinoic  acid  and  the  effect  of  an  antisense  oligodeoxynucleotide  in  inhibiting 
this  retinoic  acid-induced  mucin  gene  expression. 


MATERIALS  A.ND  METHODS 


All  chemicals  were  of  the  highest  quality  available  and  obtained  fiom  various  sources  as 
described  before  (I,  4,  6,  7). 
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Cell  Culture 


Airwy  epiihcaal  ceO*  woe  boteed  ftt»  ribbii  tracbct  (New  Ze*^ 

Rcaesfch  UbonMohet,  De«wer,  PtiwsyWaiiia),  mi  caUanA  oe  ooOa^ca  coiled  duba  ■  ft  mvm- 
^  bannooe-sappkiBeaiBd  "**■**«»«»  acconfini  to  ibe  proonhues  desoted  fg^namiy  (1«  4,  6, 
7).  CcOs  were  inpobefied  M  37*C  ia  i  humidifcd  iacohiior  connininf  air-^OO,  (19;  1),  aod  (be 

mttlmm  was  cbaiifcd  cvety  two  days.  The  epitheiUi  oaoue  of  the 
mkrovim,  loooaijiMmts,  aad  (ksiOMOcncs  has  been  esabU^ 

copy  (4), 


Isolation  cfRNA 

Total  RNA  was  isolaicd  frora  ccUs  (2.0  x  10^  osisg  Oootedi’s  RNA  bolatioa  kit  which 
s  gaaaidium  thiocyaBaic-phcnol-chloioforTn  smgle-^tep  exmcDoo  pcooedhote,  as  described 
previously  (4,  6,  7.  12).  The  extracted  RNA  was  precipitated  with  3  M  sodium  acetate  and  absolute 
akobol  and  kept  at  -70*C  umU  needed. 


Northern  and  Dot  Blot  Hybridization 


RNA  was  cottccted  by  cattrifugatioo  at  5000f .  dried  under  vaoium.  Md  rehydtiied  with  a 
mmimtimj  vohime  of  TE  buffer  and  RNAase  iiAibaor,  as  described  befon  (4, 6,  7).  An  alhpjot  of 
RNA  prepanbon  <5-10  ^ig)  was  run  on  a  fonnaldchyde-agaiose  (1%)  gd  ia  I  x  Mops  buffer  (6). 
Tl«  gel  was  with  ethidium  bromide.  RNA  was  transferred  to  hybood  tnembtane  ftom  the 

gd  ft>r  Nofthcni  hybodizatioo.  The  membrane  was  dried  under  vacuum  at  »*C  for  2  h. 

A  direct  transferor  RNA  (0.5-1.5  ^g)  «>  spoo  Hybood  membtaoe  was  made  in  a  dot 
blot  apparatus  and  the  membrane  was  dried  as  described  above.  The  membrane  was  hybridized  with 
an  E“linkcd  30-iiier  oligonucleotide  lo  rat  intestine  mucin  protein  tandem  repeal  set^jcuce, 

RMUC  176.  TTTPDVTTTP.  (5'-X  AOG  GGT  GOT  GOT  CAC  ATC  AGG  ACT  CCT  (Xrr-3'. 
X  “  amine)  (5) — this  procedure  has  been  described  in  detail  elsewhere  (4, 6, 7).  After  hybridization, 
the  membrane  was  stained  with  Lumi-Phos  sohiooo.  placed  between  two  n^eiiir  sheets,  and  exposed 
to  Kodak  XAR-3  film  for  3  h  at  37*C.  Ail  experimems  were  performed  with  the  same  cooccniratioo 
(1.0  nM)  of  the  probe  under  identicai  cooditioos. 

The  membrane  was  hybridized  with  an  E-linked  antisense  30~basc  oligoooclcotidc  to 
mouse  type  1  keratin  piocein  sequence.  GGDQSSKGPR  (5’-X  TGG  TCC  TTT  AGA  TGA  TTG 
GTC  GCC  GCC  ACC-3',  X  »  amine)  (13),  as  described  before  (6,  7). 

The  following  phosphorothioaic  derivatives  of  oligonucleotides  were  used  in  these  studies: 
sense  oUgo— 5'-ACCACCACTCCTGACGTC-3'  to  rat  intestine  mucin  cDNA  sequence  (5)  (con¬ 
trol);  and  antisense  oligo-5'-AGGGOTGOTGOTCACATC-3'  lo  rat  intestine  nwein  cDNA  sequence 
(5). 


9i  ■  uv 
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Effect  of  Retinoic  Acid,  Actinomycin  D,  Cycloheximide,  cAMP 
Agonists,  and  Antisense  Oligomer 

Ma^toicAdd.  TanenkpendeM eipww* the mK*  BeMfe  wi*  Md  wiitai  irtMic 

4.0  nrf  of  catare  medium  ftsrO,4S,  96,  120.  lad  144  h  ander  the  coadiboM  desafted  be^ 

6,  7).  la  orter  »  determine  die  effect  of  redaoic  acid  oa  nnda  mRKA  coarai  ia  te  cefis  giowa 
m  tnHffff*"  wiibpiit  retinoic  acid,  die  ccUs  were  inita^  mamtamed  in  a  retinoic  add-defidot 
for  96  h  before  of  das  let^,  lad  the  iacubtioo  (.ontiaued  for  aaotber  96  and 

144  b.  Dupticaies  and  comols  wete  raa  oader  the  same  conditions. 

j^adwmrym  O  Cydoheiim^  The  effea  of  acliaoaiycia  D  (20  rt/ml)  and  cyclohea- 
(20  on  the  cxpttsnon  of  die  anda  meaaafe  in  dicac  cefii  gwwa  ia  *e 

waa  by  addotg  dxae  fcafenta  ai  96  h  of  growth  Md  j;n4itiiariaf  mrabilion 

fornhfiboMl  12-.  24-.  46-,  «d  96-h  periods  of  time.  f>iplicaies  aid  cM»b  emm  inn  ■rfer 
coadilions. 

edifP  Agomsu.  Ia  order  lo  determine  the  effect  of  cAMP  afonots,  fontadiae  OOO 
PGE;  (100  AO,  btjcAMP  (100  aM),  and  the  cateam  kmopbore  A23187  (100  aM),  oa  nda  geae 
fli  ceils,  the  cefli  nent  growl  for  96  h  befoie  addition  of  these  rcageots  lo  die 
tod  the  incubitioo  coobmied  for  another  46  h.  Duplkaies  aad  cootiob  wete  run  under  the 
«*me  coodiboiis. 

Sense  and  Antisense  Odgonudeotides.  The  ceUs  (2.0  x  10^  were  grown  for  120  h  before 
addtion  of  10  of  [6-*Hlghico«imnc  (4),  sense  aad  amwenae  otigomen  (0.33  amol/mO.  md 
the  incubatfon  cominued  for  another  4«  h.  After  the  itactioo,  the  wOs  were  removed  from  the 
TTwxiiitm  by  ceamfogatioo.  DupticaKs  were  ran  under  the  same  conriiiioni 

Total  RN  A  was  isdaied  ftoia  the  ceOs  and  hybridoed  wiifa  the  icapective  ohgoanefeotide 
probe,  as  described  above.  The  density  of  the  signal  was  measured  by  the  BioRid  dtasiloiaeiu. 

The  was  dialyzed  against  wafer  at  4*C  overaighi  with  two  changes  and  lyo|Afliafed. 

The  tyophaized  material  was  digesfed  with  hyaharonidaae  and  analyzed  for  aaicin  by  Sepharoae  3 
chroinaK>gnpfay  and  gel  ekctiophoresb  as  described  in  detail  elsewhere  (4),  Radioacthmy  was 
defennmed  ia  a  Beckman  LS  3601  counter. 


Phase-Contrast  and  Electron  Microscopy. 


The  cells  at  different  stages  of  growth  were  examined  with  a  phasc-cooimt  microscope. 

Theceilspreparedforciectroomicroscopy  were  fixed  in  3.5%  (w/v)  ghaaialddiyde.  postfixed 
in  I  %  tetroxide.  and  embedded  in  epoxy  resin.  Ultradun  sectioos  of  the  sample  were 

with  uianyl  acetate  and  lead  cioite  prior  to  examinatkm  with  a  tiansmissioo  efcetron  micro¬ 
scope  (4.  6.  7). 

RESULTS 

Tbc  changes  in  the  morphology  of  rabbit  tracheal  epithelial  cells  were 
examined  by  phase-contrast  microscopy  at  48,  96,  and  144  h  of  growth  in  a 
nyyiium  with  and  without  retinoic  acid  (Figure  1  A-F).  As  is  seen  in  this  figure 


Ui*  \b  3 
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Flf ,  1.  Ptase-comiast  micrograph  of  rabbit  tracheal  epithelial  ceils  at  4S.  96,  and  144  h  of  growth 
in  a  senun-ftee  and  hofmone-supptoemed  culture  medium  with  and  without  retinoic  acid.  The 
cells  were  cultured  as  described  in  Materials  and  Methods.  A.  B.  C:  ^retinoic  acid;  D,  E,  F: 
-'retinoic  acid.  Magnihcation  x  160. 


and  as  also  observed  by  several  investigators  in  tracheal  epithelial  cells  from 
other  animals  (14-16).  the  difference  in  morphology  of  the  cells  grown  with 
and  without  the  presence  of  retinoic  acid  in  the  medium  is  quite  striking.  Retinoic 
acid-sufficient  cells  had  a  tendency  to  form  monolayers  with  the  passage  of  time, 
whereas  deficient  cells  showed  changes  towards  squamous  differentiation.  At  a 
later  stage  of  growth,  the  retinoic  acid-deficient  cells  tend  to  detach  themselves 
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from  tte  coOagen  layer.  Tiansmmjng  ekctioQ  mkaoscopic  studies  of  the  cells 
at  144  h  of  growth  in  a  medium  containing  fctinotc  acid  indirated  that  the  cells 
contained  tooofilaixient  buiafles  and  weie  joined  by  desmosomes.  Miaovilli  and 
occassional  secteiocy  gianpks  wtic  also  observed  (Figme  2A),  la  the  absence 
of  lednoic  acid,  however,  the  epithelial  laycn  were  stxidfied  with  developme^ 
of  squamous  metaplasia.  No  secictoiy  gramiks  were  observed  (Figure  2B).  This 
change  in  cell  nxxphology  was  associated  a  change  in  mucin  gene  expres* 
sioo.  Dot  blot  hybridization  using  an  E-linked  iit  intestine  mucin  tandem  repeat 


Fts.3.  Dot  bkjthybodaatksn  of  «MalRNA  (1.2  MS)  from  rabbit  tncholcpith^ 
mnttof  srowth  in  a  senim-ftcc  aod  honnooe-suppicmenicd  medium  with  isd  widwut  rctiiioic  acid. 
Hybfidizatioo  with  E-tinked  tat  intestine  mocin  probe  was  petfonned  as  described  in  the  experv 
sectioo.  (A)  a-c  (mucin  probe),  tool  RNA  from  culture  (+fetiJioic  acid)  at  0.  48.  96,  120. 
and  144  h  of  puwth;  (B)  a-«,  same  as  A  except  hybridized  with  3-actin  probe;  (O  a-e.  same  as 
A  except  hybridized  with  type  1  keratin  probe;  (D)  a-e  (nndn  probe),  total  RNA  from  culture 
(-letiDoic  acid)  at  0,  48,  96.  120,  and  144  h  of  growth:  (E)  a-c.  swne  as  D  except  hybridized 
with  ^-actin  probe;  (F)  a-«,  same  as  D  except  hybridized  wA  type  I  keratin  probe;  (G)  a-c,  same 
as  D  except  *****  retinoic  acid  was  *>*i*l^  lo  the  medium  at  96  h  of  growth  (c)  and  the  culture  was 
allowed  to  grow  for  another  96  and  144  h  (d,  c);  (H)  a-e.  same  as  G  except  hybridized  with 
^actin  probe. 
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probe,  RMUC  176  (S).  to  ttxai  RNA  fiom  the  ceOs  grown  at  different  peiiodt 
of  time  showed  that  the  mucin  message,  afkr  expressing  at  a  lower  level  at  0 
and  4S  h  (Figure  3A,  a-b),  showed  a  stronger  sigi^  fiom  96  h  to  aQ  subsequent 
rime  pmnis  (Figure  3A,  c-e).  The  expression  of  ff-acdn  mRNA  in  these  prep* 
antioos  is  shown  in  Figure  3B,  a-e.  Type  I  heiatin  message  showed  a  positive 
signal  in  all  the  prepaiatioos  (Figure  3C,  a-e).  In  the  absence  of  rednoic  acid, 
the  mucin  message  was  considerably  reduced  widi  the  progressioa  of  time  (Fig¬ 
ure  3D.  a-e).  whereas  the  expressxm  of  6-aCtin  mRNA  remained  steady  (Figure 
3E,  a-e).  The  hybridizational  signal  for  type  I  keratin  message  was  evident  in 

these  prepaiatioas  (Figure  3F,  a-e).  Addition  of  rediroic  acid  to  the  latter  cuhnre 

at  96  h  of  growth  resulted  in  the  lecoveiy  of  mucin  message  within  96  h  of 
additiooal  incubatkio  (Figure  3G,  c-e).  The  level  of  /5-actin  message  in  these 
prqwntioos  is  shown  in  Figure  3H.  a-e. 

Addition  of  actinomycin  D  (20  Mg/ml),  an  inhibitor  of  transcription,  to  the 
culture  at  96  h  of  growth  in  the  medium  containing  retinoic  acid  did  not  resuh 


a  b  c  d  e 


Flf.  €.  Effect  of  actixioaiyciii  D  (20  cycloheunude  (20  /ig/ml),  cAMP  agonists  (100  fsM), 

and  calcium  iooophore  A23187  (100  iiM)  oo  mucin  mRNA  from  rabbit  tracheal  epithelial  ceils 
grown  in  a  medium  with  retiDoic  acid.  The  cells  were  grown  for  96  h  (control)  before  addicton  of 
the  reagents,  and  the  incubatioo  continued  for  the  specified  period  of  time.  Total  RNA  (1.5 
was  hybridized  with  E-Unked  rat  intestine  mucin  probe  as  described  in  the  experimental  seetkn. 
(A)  a-e  (actinomycin  D),  control,  12,  24,  48,  and  96  h;  (B)  same  as  A  except  hybridized  wnh 
^actio  probe;  (O  a-e  (cycloheximidc),  control,  12,  24,  4S,  and  96  h.  (D)  a-e,  same  as  C  exce^ 
hybridized  with  ff-actin  piobe;  (E)  a  (control),  b  (forskolinc).  c  (PGEi).  d  (bt^AMP),  and  e  (cakhtm 
iooophore  A23187);  (F)  a-e,  same  as  E  except  hybridized  with  /5-actin  probe. 
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in  the  redncdoo  of  the  mucin  message  (Figure  4A,  a-e)  and  was  limilnr  to  the 
paitere  shown  in  Figure  3A,  »-e.  whereas  0*ictin  mRNA  expresnoo  decreased 
coosideiabty  (Figure  4B.  a-e).  The  inhibitor  of  tnmslatioo,  cydoheximide  (20 
>ig/ml).  iBcreiwd  the  oreda  nestafe  (Rgnre  4C,  a<e).  Hie  kfvei  of 

0-actin  mRNA  in  these  prepantioos  is  shown  in  Fgure  4D,  a-e.  bcnbation  of 
the  ceils  at  %  h  of  growth  with  activaton  of  the  cAMP  pathway,  fotskdine, 
PGEj,  and  btjcAMP,  and  calcium  ionophote  A23187  resulted  in  a  slight  increase 
in  the  expresskn  of  the  mucin  message  (Figure  4E,  a-e).  The  expression  of 
|3-actin  message  in  these  prepaiations  is  shown  in  Figure  4F,  a-e. 

Agarose  gel  (1%)  electtophoresis  of  the  total  RNA  from  abtMt  tiacbeal 
cefls  at  144  h  of  gro^  showed  a  typical  gd  profile  of  2SS  and  18S 
RNA  in  the  prepaiatioa  (Figure  5A).  Northetn  fayUklizatioa  of  the  RNA  prep- 


Fig.  5.  (A)  fonnaldehyde-igarose  jd  (1*)  electrophoresis  of  utd  RNA  (10  (ig)  firom  labhil 
tncheal  epithelial  cells  at  144  h  of  growth  in  a  senun-ftee  and  honnooe-suppleinenied  medium  with 
retinoic  acid.  The  gel  was  stained  with  elhidium  bromide.  (B)  Northern  hybndizatkai  of  total  RNA 
after  tnnsfer  to  the  bybond  membnne  and  probed  with  E*linked  mucin  probe. 
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andoa  resulted  in  a  difiuse  pattera  with  a  mcdecular  wei^  aiding  firam  2.0 
kb  to  >9.5  U>  (Rgore  5B).  Such  a  potydi^>ene  signal  of  OBcia  mRNA  oa 
Noftfaem  analysis  has  been  observed  ^  othen  befixe  (17-2(0.  The  reaaoa  far 
this  poiydispmioo  is  not  known. 

Tiansmission  electron  microscopy  showed  that  the  cells  grown  in  meifinm 
containing  rednoic  acid  and  the  pboq>horothio^  derivative  of  the  sense  oii* 
gomer  were  covered  with  surface  microvOir  and  joined  by  small  desmosomes 
and  apical  jnnctioaal  comf^xes  (Figure  6A).  In  addition  to  numerous  secretoty 
gnmiles,  the  cytoplasm  cofUained  Golgi  complexes,  mitochoodiia,  and  seg¬ 
ments  of  rot^  endoplasmic  reticulum.  In  the  presence  of  antisense  oligoiner, 
the  cdb  displayed  soifKe  microvilli  and  small  desmosomes,  but  no  secaetoiy 
gnaules  (Figure  (S).  This  change  in  ceO  moiphoiogy  was  associated  with  a 
change  in  mncin  gene  expression  and  secretion  in  these  cdls.  Additkn  of  the 
antitense  oligomer  to  the  ceDs  resulted  in  an  approximate  2.3-fokl  decrease  in 
the  expression  of  mucin  mRNA  when  compared  to  the  effect  of  the  sense  (con¬ 
trol)  oligomer  (spot  density  -  sense,  9.35:  antisense,  4.15)  (Figure  6C,  a-b). 
Figure  6D,  a-b  indicates  the  /3-actin  message  expression  in  diese  preparations. 
The  decrease  in  the  expression  of  mucin  mRNA  was  followed  by  2.4-fold  drop 
in  the  secredon  of  mucin  into  the  medium  [radioacdvity  (cpm/ml):  satse,  8940. 
antiseuse,  3754). 


DISCUSSION 

The  present  study,  demonstrating  that  retinoic  acid  stimulated  the  growth 
of  isdated  labbit  tracheal  epithelial  cells  in  a  senim-firee  and  bonnooe-supple- 
mented  culture  medium  and  caused  up-reguladon  of  mucin  message,  is  an  exten¬ 
sion  of  our  previous  studies  (6,  7),  in  which  we  noted  that  retinoic  acid  was 
also  required  for  optimal  mucin  gene  expression  in  tat  tracheal  explants  grown 
in  the  same  culture  medium.  In  the  absence  of  retinoic  acid,  rabbit  tracheal 
epithelial  cells  did  not  grow  normally,  nor  did  they  express  mucin  gene  strongly. 
Instead,  the  entire  epithehim  was  stratified  with  an  additional  change  towards 
squamous  metaplasia.  However,  the  mucin  message  recovered  when  retinoic 
acid  was  reintr^uced  to  the  retinoic  acid-deficient  medium.  Thus,  the  mucin 
gene  in  rabbit  tracheal  epithelial  cells  in  culture  seems  to  be  transcriptionally 
activated  by  retinoic  acid,  and  the  mucin  mRNA  expression  is  strongly  asso¬ 
ciated  with  differenriadoo  and  proliferation  of  epithelial  cells. 

The  results  presented  in  this  report  and  in  our  earlier  studies  (4,  6,  7) 
regarding  the  effect  of  retinoic  acid  in  the  enhaiKement  of  mucin  gene  expression 
are  in  agreement  with  those  of  Jany  and  Basbaum  (21),  who  suggested  that 
induction  of  the  mucin  message  is  the  primary  event  that  leads  to  increased 
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syotbesu  and  (ccitdon  of  mucina  in  lat  tndiea  expoaed  IB  SOj.  Rednoid- 

dependert  gene  regulation  has  been  obaeryed  pievkiMsiy  la  «|MinwM  dafaen- 

tialion  of  tracheal  epithelial  cella  (22). 

The  peniatence  of  mncia  oANA  m  high  leveb  iB*BpneaoBenhe 
transcription  inhibitor,  actinomycin  D.  mdicaiw  that  aaachi  tSMCt^  in  these 
ffHs  are  highly  stable  molecules.  The  inhibitor  of  traiwlation,  cydoheximide, 
did  not  block  the  on-going  protein  synthesis  m  the  cefls.  Stabflizations  of  neu- 
rofilameat  mRNA  in  primary  senaoty  neurons,  vitellogenin  oANA  by  eatrogen 
in  primary  liver  cells,  and  transfenin  receptor  mRNA  by  chtlnrinn  of  boa  have 
bfffl  found  to  occur  in  the  presence  of  both  actioomyda  D  and  cydoheximide. 

It  has  been  suggested  diat  tte  process  could  be  medialBd  by  ihoit-lived  foctotfs) 

that  protects  the  transcripts  from  destabOimicro  doe  to  the  presence  of  hotmooes 
or  iig«»«i«  (23-25).  Such  a  mechanism  iavoiviiig  the  tetinmc  add  receptor  com¬ 
plex  or  a  of  regulatory  proteins  in  tracheal  epithelial  ceQs  may  exist  to 

protect  the  mucin  message  from  destabilization.  Ahemativdy,  the  mucin  tran¬ 
scripts  could  be  indirectly  «tahiliMri  by  Cactot(s)  that  r^ulate  both  cAMP  path¬ 
way  as  well  as  those  involved  in  mucin  synthesis  (2,  4,  26,  27).  However,  no 
effects  comparable  to  those  seen  in  the  presence  of  retii»ic  add  were  observed 
upon  addition  of  either  forskoline,  PGEj,  btjcAMP,  or  cakium  ionophore 
A23187  to  these  primary  tracheal  epithelial  ceQ  lines. 

The  study  as  piesaited  here  dearly  indicates  that  tetimic  add  ululates 
mucin  gene  expressioo  in  isolated  rabbit  tracheal  epithelial  cdls  cultured  in  a 
setunt-free  and  honnone-supplemented  medtnm  and  that  this  expression  is  asso¬ 
ciated  widi  differentiation  and  piolifetation  of  these  cdls.  retinoic  add- 
mucin  gene  expression  and  secretion  alsoy  can  be  inhibited  by  mucin 
antiiOTtte  oligomcr.  The  use  of  an  antisense  oUgommto  r^iulate  gene  expression 
is  frst  becoming  an  alternative  approach  for  therapeutic  intervention  into  disease 
processes  such  as  cancer  and  viral  infection  (7-11).  The  present  study  can  be 
extended  further  to  examine  whether  antisense  therapy  can  be  used  in  the  man¬ 
agement  of  hypersecretion  of  mucus  in  upper  airway  re^iratoiy  diseases  such 
as  chronic  btotKhitis,  asthma,  and  cystic  fibrosis. 

AebiowiedgmeMs—Vt  itfnlt  Dr.  UeOe  WeisniMi.  CUef  of  Clinical  Invtaiptioa.  fcrencouia«e- 
meat  and  advice.  We  appicciaie  (he  assiuance  of  Dr.  Ridaid  Harris,  diief  of  Koiogical  Service, 
and  his  saff  for  providing  tracheal  saiDpks-  We  thank  Ms.  Ann  Tassnaoro  fw  electron  microactipy 
service.  We  thank  Mr.  John  I.  Enriquez.  Sr.,  forhis  help  in  proparing  the  mamsciipt  for  publication. 
This  snidy  was  fonded  in  part  by  a  giant  fipotn  USAMRDC  (MM45S6HB1). 
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Characterization  of  the  Glycoconjugates  of  Mammalian 
Bladder  Epithelium  M  S.  Buckiev.  S.  Huber,  D.R.  Erickson*  and 
V.P.  Bhavanandan,  Depts.  Biochem.  &  Mol.  Biol,  and  Surgery*. 
M.S.  Hershey  Medical  Center,  Penn  Slate  University,  Hcrshey,  PA 

The  mucosal  surface  of  the  urinary  bladder  acts  as  an  effective  barrier 
against  invasion  by  pathogenic  microorganisms  and  injury  from  toxic 
substances  in  the  urine.  Defects  in  the  bladder  mucosa  could  thus  be  an 
important  factor  in  the  development  of  diseases  such  as  bladder  cancer, 
interstitial  cystitis  (IC)  and  tower  urinary  tract  infections.  The  presence 
of  a  mucin-type  glycoprotein,  epitectin,  on  the  urotheliura  of  human 
bladder  has  been  previously  estabiished  (Bramweil  et  oL,  Br.  J.  Cancer 
48,  177).  In  this  study,  anti-epitectin  antibody  was  found  also  to  stain 
rabbit  bladder  mucosa.  Rabbit  bladder  explants  cultured  in  the 
presence  of  [^H]  glucosamine  and  unlabeled  bladden  were  used  to 
isolate  the  glycoconjugates.  Gel  filtration,  treatment  with 
hyaiuronidase,  ion  exchange  chromatography  tod  CsTFA  density  gra¬ 
dient  centrifugation  yielded  high  molecular  weight  sialoglycoproteins 
which  are  being  characterized  hnmunohistocbemical  examination  was 
performed  on  bladder  epithelial  biopsy  specimens  from  normal 
individuals  and  IC  patients.  Anti-heparan  sulfate  antibody  reacted 
strongly  with  all  layers  of  the  bladder  wall  and  there  was  no  noticeable 
dilTerence  in  the  level  of  staining  of  patient  and  control  specimens.  In 
contrast  with  anti-epiteclin  antibody  staining  wu  limited  to  the 
epithelium.  Preliminary  indications  are  that  biopsy  specimens  from  IC 
patients  had  weaker  and  more  patchy  staining  compared  to  specimens 
from  non-IC  controls.  (Supported  by  NIH  grant  DK-4751 1). 
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Characterization  of  KBN-Containing  Mucin  from  the  Skin 
Mucus  of  the  Loach,  Misgurnus  anguillicaudatus 
Mariko  Kimura*.  Yoichiro  Hama*,  Toshihisa  Sumi*.  Yu-Teh  LiJ  and 
Hirold  Nakagawa* 

*Department  of  Applied  Biological  Sciences,  Faculty  of  Agriculture, 
Saga  University.  Saga  840,  Japan;  JDepartment  of  Biochemistry, 
Tulane  University  School  of  Medicine,  New  Orleans,  LA  701 12 

Fish  skin  is  coated  with  mucus  containing  a  variety  of  mucus  ceil 
secretions.  We  report  the  isolatioa  and  characterizahoo  of  3-deoxy-D- 
^/ycero-D-ga42cto-2-Donuiosomc  acid  (KDN)-coatainmg  mucin  from 
the  skin  mucus  of  the  loach,  M.  angutilicaudatus. 

Prtstnee  ofKDN  in  loach  skin  mtiats  —  Dried  loach  skin  mucus 
was  treated  with  0  I  N  formic  acid  at  80*C  for  1  h.  The  hydrolyzate 
was  passed  through  an  AG50-X8(H+),  followed  by  AGl-X8(formate) 
chromatography  A  thiobarbituric  acid-positive  compound  was  eluted 
from  the  column  with  0.5  N  formic  acid.  The  compound  was 
characterized  to  be  KDN  by  FAB-MS  and  500  MHz  ‘H-NMR 
spectroscopy. 

Characterization  of  KDN-containing  mucin  —  Mjcin  was  isolated 
from  dried  loach  slrin  mucus  by  DE-52  chromatography, 
digestton  and  Sepharose  CX-4B  gd  filtration.  The  purified  mucin  was 
composed  of  KDN  (38.5%),  GalNAc  (24.6%),  Gal  (3.3%X  NeuAc 
(0.4%)  and  protein  (rich  in  Thr),  The  mucin  (100  mg)  was  treated 
with  alkaline  borohydride  to  release  oligosaccharide  alditols.  The 
oligosaccharide  alditols  were  separated  by  Sephadex  G-25  gel 
filtration  to  obtain  two  major  oligosaccharide  alditols,  I  (15.4  mg)  and 
n  (15.6  mg),  and  a  glycopeptide  fraction  eluted  at  the  void  volume.  I 
and  n  accounted  for  46%  and  34%,  respectively,  of  all  the  sugar 
chains  in  the  mucin.  By  methylation  analysis,  I  was  determined  to  be 
KDNa2->6<jalNAc-ol  and  O.  KDNa2-^3(KDN(x2->6)GtJNAc-ol. 
(Supported  in  part  by  NTH  <3rant  NS09626). 
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RETINOIC  ACID  RECUlATED  MUCIN  GENE  EXPRESSION  IN  ISOLATED 
RABBIT  TRACHEAL  EPITHEUAL  CELLS  IN  CULTURE 
S  N.  Bhtflachgyyi  «nl  B.  Manm,  Depvtmeiit  of  Cliiucal  Invtstjgauon,  Wim«n 
Beaumont  Army  Medical  Center.  El  Paso.  Texas  79920 

Rabbit  tracheal  epithelial  cells  were  cultured  in  a  senim-free  and  honnooe-  supplemeaied 
medium  with  or  without  retinoic  acid  The  cells  showed  ume-dependoa  mucin  gene 

expiesuB  wtn  Gulnxed  ia  the  medium  with  retinoic  acid  In  the  absence  cfretmoic  acid, 
the  anjcm  mRNA  was  barely  detectable  in  the  ceUa.  When  retmoic  acid  wm  added  b«dt 
to  (he  mokn.  the  nucin  mesaage  was  proininent  again.  Actmomycm  D  Ittd  no  effect  on 

mucin  mRNA  in  cufttnes  grown  with  retinoic  acid  The  usual  precipitous  <hop  in  mucm 

mRhU  n  cutanes  lacking  retinoic  tiki  was  prevented  by  aimnoinycm  D.  Cyckihexon^ 
^  had  sbo  no  ^iKt  on  mucm  mRNA  in  retinoic  scad  sufficient  cultures,  btxt,  like  actinotnycm 

D,  it  prevented  the  sharp  chop  in  mucm  mRNA  in  retinoic  acid  de6cicnt  cultira  cAMP 
i  agonists  had  some  msrginaJ  effects  on  the  mucin  mRNA.  btf  none  ts  (hematic  as 
i  acted  by  aainomycmD  and  cyctoheximidem  the  retinoic  acid  deficient  a  nwirm 

i  «haense  otigonw-mhibited  the  mucin  mRNA  expresswo  and  secretwo.  The  results  from 
I  <wwudks  wiggesiihm  differentiation  and  hence  the  induchori  of  niucm  gene  expresstoo 
I  in  rabbit  tracheal  epithelial  cells  by  retinoic  acid  contribute  to  regulation  of  the  synthesia 

^  of  these  important  components.  These  findings  have  important  iroplicaiions  in  vitkius 
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bolatioD  and  Partial  Characterizatioa  of  Loranzaa  Soifkla 
Glycoproteins  (LSGPs)  from  Shark  EIcctroreceptive  Organs. 
Martin  M«  KIingCL  Depc.  of  Biomedical  Engineering,  Univ.  of 
Alabama  at  Birmingham,  Birmingham,  AL  35294. 

Sharks,  skates,  and  rays  possess  specialized  sensory  organs,  the 
ampullae  of  Lorenzini,  which  detect  weak,  low  frequency  electric 
fields.  The  ampullae  are  innervated  saccules  connected  to  pores  on 
the  skin  by  canals  up  to  several  cm.  in  length.  The  ampullae  and 
canals  are  filled  with  a  viscous  jelly  with  approx,  the  same 
electrical  conductivity  as  seawater.  Doyle  (Biochem.  J. 
^:325,’67)  examined  papain  digests  of  the  whole  jelly  and 
identified  a  scries  of  sulfated  glycopeptides  which  he  termed 
Lorenzan  sulfates.  This  report  describes  the  purification  and 
partial  characterization  of  mucin  glycoproteins  from  the  jelly  of 
hammerhead  (HH)  and  bull  sharks.  Fractionation  of  the  jelly  on 
SCX-2B  in  6  M  GuHCI  yielded  two  partially  resolved 
glycoproteins  with  Kavs  of  0.18-0.22  (LSGP-!)  and  0.40  (LSGP- 
2).  The  major  amino  acids  in  all  of  the  LSGPs  are  Thr  (30-34%), 
Pro  (13-16%),  and  Dc  (12%).  The  monosaccharide  composition 
varies  slightly  among  the  gp's  with  an  average  molar  ratio  of 
Fucosc:GalNAc:GlcNAc;Gal  0.4;1.0:0.8:2.0;  traces  of  mannose 
and  glucose  are  also  present.  LSGP-I  appears  to  be  a  disulfide- 
linked  complex  of  LSGP-2  subunits  since  reduction/alkylatioa  of 
the  former  shifts  its  (X-2B  elution  profile  to  that  of  the  latter.  The 
major  tryptic  glycopeptides  from  reduccd/alkylatcd  LSGPs  of  the 
bull  and  HH  sharks  have  Kavs  of  about  0.60  and  0.45,  respectively, 
on  CL-2B.  Certain  anionic  gels  undergo  dramatic  volume  changes 
in  the  presence  of  weak  electric  fieids;this  may  suggest  a  role  for 
LSGPs  in  eicctroreccption.  (Supported  by  NSF  grant  IBN- 


I  ftspiratofy  dneaaes.  sjch  as  asthma,  cystic  fibrosis  and  chronic  bronchitis,  which 
>  characterized  by  oversecretion  of  mucus. 
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